Repair of distal biceps tendon ruptures has become widely accepted. Unfortunately, care of chronic injuries remains a challenge to the orthopedic surgeon. Patients with chronic ruptures often present complaining of weakness in elbow flexion and supination. Nonoperative management of these injuries does not restore function to the elbow. Tenodesis of the biceps tendon to the brachialis may improve flexion strength but does not reliably improve supination weakness. Addressing these injuries through restoration of anatomy, either with direct repair of the tendon to the radial tuberosity or with the use of a tendon graft to regain length, results in improved functional outcomes. Complications rates appear to be increased when surgery is performed in chronic injuries compared to those operated upon acutely.
Introduction
Ruptures of the distal biceps tendon are relatively uncommmon injuries, accounting for only 3 % of biceps ruptures encountered [26] . This injury usually is seen in the dominant arm of middleaged men who describe a sudden extension force to an elbow held in flexion. Repair of the ruptured tendon to the radial tuberosity is now widely accepted as necessary to prevent loss of flexion and supination strength of the elbow [5, 16, 53, 56, 62] . Single incision and two incision repair techniques have both been described in the literature, with methods such as bone tunnels, suture anchors, cortical buttons, and interference screws used to attach the ruptured tendon to the radial tuberosity [4, 6, 11, 23, 28, 29, 33, 37, 46, 47, 53, 61, 68] . Whatever the fixation method employed, complication rates appear to be lower [9, 12, 39] , and surgery is technically easier, when these injuries are fixed acutely. Treatment of chronic tendon injuries, however, remains challenging. The purpose of this review is to examine the different options available for treating chronic biceps tendon ruptures.
Anatomy
The biceps brachii is primarily a supinator of the elbow and secondarily a flexor. The muscle arises from two sites in the shoulder. The long head originates from the supraglenoid tubercle of the scapula, with the short head arising from the coracoid process. It is not uncommon for there to be two distinct muscle bellies along the length of the arm with muscle fibers from the short head on the ulnar side of the arm and those from the long head located radially, although often these two muscle bellies will interdigitate distally [3, 22] . The bicipital aponeurosis originates at the level of the musculotendinous junction and attaches to the superficial fascia ulnarly [22] . This is a key structure in the management of chronic distal biceps tendon ruptures, as an intact bicipital aponeurosis may make tendon repair much easier, regardless of length of time from injury.
Distally, the tendon attaches to the bicipital tuberosity of the radius. Mazzocca et al. [48] studied 178 cadaveric radii and determined the distance of the biceps tuberosity to be an average of 25 mm from the radial head. They categorized the osseous anatomy of the tuberosity into those with no ridge, a single ridge, or a bifid ridge, with the overwhelming majority being single in nature. The bicipital tuberosity has been shown to have a length of 22 to 24 mm and width of 12 to 15 mm [36, 48] , with the tendon appearing to insert onto the most ulnar aspect of the tuberosity [3, 36, 43, 48] .
Recent cadaveric studies [22, 43] have examined the anatomy of the tendon as it inserts onto the bicipital tuberosity. Kulshreshtha et al. [43] examined 74 cadaver specimens and noted a reproducible twisting of the tendon, with the tendon twisting counterclockwise in right elbows and clockwise in left elbows. It was noted that the anteromedial fibers predictably traveled straight to attach inferiorly on the tuberosity, while the posterolateral fibers traveled underneath to insert superiorly. The authors concluded that each of these portions of the tendon originated from the separate heads of the biceps brachii muscle, with the short head attaching inferiorly and the long head attaching superiorly. Eames et al. [22] later confirmed this arrangement, stating that the two heads are often held together with loose areolar tissue. The authors suggest that the short head inserts distally on the tuberosity and is likely to be a primary contributor to elbow flexion, while the long head fibers attach furthest from the center of rotation and would therefore be more important in supination ( Fig. 1) .
The innervation of the biceps brachii and the brachialis muscles is from the musculocutaneous nerve. In roughly 60 % of patients, a single motor branch supplies innervation to the biceps and originates approximately 126 mm below the tip of the acromion, or 45 % of the distance between the acromion and lateral epicondyle. Forty percent of patients have an additional motor branch roughly 3 cm distal to this proximal branch [58] . In all patients, the nerve continues distally between the biceps and brachialis to form the lateral antebrachial cutaneous nerve, which supplies sensation to the volar aspect of the forearm. Understanding this anatomy is of paramount importance, as the lateral antebrachial cutaneous nerve is a key landmark in the approach when performing a single incision repair. Failure to ensure that the nerve is lateral to the tendon when reinsertion is performed can lead to significant pain should it become entrapped below the tendon.
Presentation
Distal biceps tendon ruptures tend to occur in the dominant extremity of middle-aged men, with an incidence of 1.2 tendon ruptures per 100,000 persons per year and a 7.5 times increased risk of complete ruptures in those who smoke [65] . There is no consensus on what timeframe constitutes a delayed or chronic rupture, with opinions ranging from 3 weeks [2, 14, 39, 62 ] to 3 months [45, 51] . Late presentation may be due to a delay in diagnosis, or simply a desire by the patient to try to avoid surgery. Patients who present with chronic ruptures often will recall an acute episode of pain that eventually gives way to a chronic aching sensation. This is often accompanied with weakness and endurance fatigue in elbow flexion and especially supination. As swelling subsides, a deformity of the biceps may be present with proximal retraction of the muscle, depending upon if the aponeurosis is intact. Rarely, there may also be accompanying dysesthesias in the distribution of the lateral antebrachial cutaneous nerve [17] .
The biceps squeeze test [63] and the hook test [57] have both been shown to aid in diagnosing ruptures of the distal biceps tendon. While neither study specifically looked at ruptures occurring within a certain time period, both tests appear to have a role in evaluating patients in the chronic setting.
Ruland et al. [63] performed the biceps squeeze test on a seated patient with the forearm flexed between 60°and 80°. The biceps brachii is then squeezed with both hands, and lack of supination of the arm is a positive test indicating rupture of the distal biceps tendon. The authors found this test to be 96 % sensitive in 24 patients with distal biceps tendon ruptures. Two patients who declined surgery continued to have a positive test at a minimum of 3 months following their injury, while a third patient with a chronic rupture was also noted to lack supination with the biceps squeeze test.
The hook test [57] is performed with the elbow flexed 90°a nd in full supination. The examiner's finger attempts to hook the tendon from the lateral side of the elbow. When the tendon is intact, it is easily able to be "hooked" by a finger, whereas in the presence of a rupture, there will be no palpable tendinous structure (Fig. 2 ). In this initial study, over 50 % of the patients in the study population were greater than 3 weeks out from injury. The hook test was noted to have 100 % sensitivity and specificity, which the authors stated was better than magnetic resonance imaging (MRI).
Imaging
Imaging studies play a limited role in the diagnosis of distal biceps tendon ruptures. Radiographs are generally of little Fig. 1 Diagram demonstrating the different areas of insertion onto the radius of the long head (LH) and short head (SH) of the biceps. Reprinted, with permission, from Eames et al. [22] help in diagnosing chronic ruptures, although they may be helpful in excluding other diagnoses. Plain X-rays may show enlargement or irregularity of the biceps tuberosity in those patients with tendon ruptures [18] , and rarely an avulsion of the tuberosity may be seen [52] . Ultrasound may be used to evaluate the distal biceps tendon, although this modality is very operator dependent. MRI perhaps yields the most information of all imaging techniques. In acute injuries, the balled up tendon can often be palpated proximally, but in more chronic situations, this can prove difficult due to the formation of scar tissue. MRI can quantify the amount of proximal retraction, helping the surgeon to decide if tendon grafting is more likely to be needed.
Giuffre and Moss [27] have described positioning the arm in order to allow optimal visualization for MRI of the biceps tendon. Known as the "FABS" view, the patient is placed prone with the affected arm in full abduction, and the elbow is flexed to 90°and supinated. The authors report that using this protocol in 22 patients allowed for visualization of the entire biceps tendon in usually one section ( Fig. 3) .
Treatment
Once the diagnosis of a chronic biceps tendon rupture is made, it is important for the surgeon to have a detailed discussion with the patient in order to decide how to best proceed. Overall health, hand dominance, occupation, and goals of the patient should all be taken into account to determine the best course of action. Options include nonoperative treatment, nonanatomic repair of the biceps to the brachialis, direct repair of the tendon to the radial tuberosity, and reconstruction with a tendon graft.
Nonoperative Treatment
Early opinion on the need for repair of distal biceps tendon ruptures was mixed [13, 21, 24, 52, 53] . In 1985, Morrey et al. [53] demonstrated that conservative treatment resulted in an average loss of flexion strength of roughly 30 % normal, with a loss of supination strength of 40 %. Baker and Bierwagen [5] showed a similar loss of strength in flexion and supination when patients were treated nonoperatively, but more impressively also demonstrated a 79 % loss of supination endurance in patients treated nonoperatively when compared to those who underwent operative repair. Nesterenko et al. [56] noted that while strength deficits were significant (30 % loss of flexion strength and 50 % loss in supination strength), endurance did not appear to be effected. As a result, they recommended a physical therapy program focusing on strength, rather than endurance, in patients with tears treated nonoperatively.
Recent studies have confirmed improved results with surgical fixation and supported the trend of operative repair of this injury, although these studies tend to overwhelmingly examine surgical repair of acute injuries [15, 25, 34] . In a comparison of 12 patients who underwent early surgical repair with 10 patients who had nonoperative treatment, Hetsroni et al. [34] found statistically significant higher patient satisfaction in those who underwent surgery. The authors also noted improved elbow flexion strength, supination strength, and supination endurance in those who underwent anatomic repair. Chillemi et al. [15] compared five patients who underwent acute repair via a two incision technique with four patients who were treated nonsurgically, and outcome scores reflected improved results with surgery. Freeman et al. [25] demonstrated a median of 95 % flexion strength and 92 % supination strength in operative extremities compared to the contralateral side. However, in those patients who elected nonoperative treatment, median flexion strength was 93 % of the opposite side, while median supination strength was only 63 %.
Patients with chronic distal biceps tendon ruptures need to have realistic expectations if they are to undergo nonoperative treatment. While some patients can have acceptable outcomes when treated nonoperatively, many end up seeking care due to functional limitations of their elbow. It is unclear at this time which patients will tolerate nonoperative treatment of chronic ruptures. As a result, patients with chronic ruptures treated nonoperatively should be counseled about the possibility of weakness and reduced endurance, mostly with supination activities.
Nonanatomic Repair (Tenodesis)
While tenodesis of the biceps tendon to the brachialis tendon is mostly of historical interest in the setting of acute injuries, some authors advocate its use as an option for chronic injuries [31, 55] . In 1941, Dobbie [21] first described a method of repairing the biceps tendon to the brachialis at its insertion into the coronoid, lessening the risk of injury to the neurovascular structures in the area. The author felt that direct attachment to the radius was unnecessary and equal outcomes could be obtained by repairing the ruptured tendon to either the radius or the "adjacent upper forearm soft parts" [21] . Meherin and Kilgore [52] also stated that repair of the biceps to either the brachialis or the radius was equally effective, and the authors felt both surgeries had superior outcomes when compared to nonoperative treatment.
Baker and Bierwagen [5] disagreed with this philosophy, advocating instead for anatomic repair when possible. They emphasized the importance of the biceps tendon as a supinator, especially in patients who were heavy laborers. Morrey et al. [53] reported on one patient who underwent tenodesis to the brachialis 5 months after injury who had 87 % restoration of flexion strength but only 43 % restoration of supination strength. Likewise, Le Huec et al. [44] reported on 10 patients who underwent surgical treatment for distal tendon ruptures, with 2 patients having surgery 6 months after their injury. One patient underwent reattachment to the brachialis due to excessive retraction of the tendon, although it is unclear if this was a chronic injury. This patient had a loss of power of 50 % compared to the other arm. Hand dominance may also be a factor contributing to outcomes following tenodesis. Bell et al. [8] performed isokinetic testing on patients who underwent biceps tenodesis and found greater strength deficits in dominant extremities when compared to nondominant extremities [8] .
Klonz et al. [42] performed isokinetic testing on six patients who underwent anatomic repair and compared the results to eight patients who underwent tenodesis of the biceps to the brachialis. Both groups had excellent return of flexion strength (96.8 % in the anatomic group versus 96 % in the nonanatomic group). The authors noted supination power averaged 91 % of the contralateral side. Interestingly, supination strength ranged from 42 to 56 % in four of the patients who underwent tenodesis, while the other four had supination strength that ranged from 80 to 150 %. The authors were unclear as to what accounted for the restoration in supination strength in half of their patients who underwent tenodesis, but concluded that tenodesis is a viable option for treating distal biceps ruptures. However, a meta-analysis looking at 147 patients with tendon ruptures revealed better outcomes with repair to the radial tuberosity. The authors reported good or excellent results in only 60 % of patients who underwent nonanatomic repair compared to 90 % of those who underwent anatomic repair of the tendon [62] .
Direct Repair
Few studies have specifically examined the role of direct repair in treating chronic distal biceps tendon injuries [10, 19, 62, 64, 67, 68] . Such patients are often few in number and included in larger series evaluating the outcomes of operative repair in general. Patients with chronic injuries and retraction of the muscle have historically been treated nonoperatively or with tendon grafting, and it is only recently that direct repair of chronic ruptures has become more widely advocated. Some authors [46, 57] believe that the presence of an intact bicipital aponeurosis limits retraction of the tendon, increasing the chance of direct repair regardless of how far out the patient is from injury. O'Driscoll et al. [57] recommend using a variation of the hook test to check for the presence of an intact bicipital aponeurosis, stating that when absent a tendon graft is more likely to be required.
Rantanen and Orava [62] were one of the first to report on the results of repairing chronic ruptures. The authors reviewed their results of 19 patients with distal biceps tendon ruptures, 10 of which were treated greater than 3 weeks out from injury, with the longest being 5 months. The authors performed both single and double incision repairs, and all tendons were able to be repaired anatomically to the tuberosity. Nine of the 10 chronic ruptures reported good or excellent results at an average of 5.1 years follow-up, although 4 patients did have a loss of elbow extension of up to 25°.
The decision to perform a single or double incision ultimately rests with the comfort of the surgeon, as both are acceptable options. Ryhanen et al. [64] reported on 15 patients that underwent repair via both single and double incision techniques, 11 of which were greater than 5 weeks from injury. The authors noted 10 % weakness in flexion and 22 % weakness in supination in those patients having undergone chronic repairs, but did not feel this was significantly different from those patients who undergo acute repair. They did feel that chronic direct repairs did better than those patients who required tendon grafting, as the latter did not consistently regain supination strength. When grafts were used, supination strength decreased as much as 54 % compared to the nonoperative extremity.
Citing concerns over heterotopic ossification, Sotereanos et al. [68] recommended a single incision approach. The authors reported they were able to perform a primary repair with suture anchors in 8 of 10 chronic ruptures greater than 6 weeks out from injury, with 2 patients requiring tenodesis to the brachialis tendon due to "severe tendon degeneration." To help get full excursion of the tendon, complete mobilization of the tendon with release of all scar tissue was performed. The authors even cited pulling tension on the tendon for 10-20 min to help stretch the tendon to regain length.
A proximal "retrieval" incision over the retracted stump can also be used to mobilize the tendon. Bosman et al. [10] utilized a transverse retrieval incision to prepare the tendon, then flexed the elbow up to 110°and repaired it to the tuberosity through a distal incision. The authors reported on six consecutive patients who were between 5 and 16 weeks out from injury, and they did not note significant difficulty in regaining extension. As an alternative, we use the proximal portion of a S-incision for retrieiving the tendon, allowing for more extensile exposure if needed (Fig. 4) .
The use of a cortical button is becoming an increasingly popular technique for primary repairs of chronic ruptures [10, 19, 60, 67] . Biomechanical studies have demonstrated that a cortical button has the highest load to failure when compared to other fixation methods [28, 40, 41, 49, 69] . Sharma et al. [67] were the first to report specifically on anatomic repair of chronic ruptures using a cortical button without graft augmentation. Three patients underwent surgery a minimum of 6 weeks out from injury, and all were "highly satisfied" after surgery and able to return to their employment. Dillon et al. [19] compared 17 patients who had an acute distal biceps tendon repaired within 4 weeks from surgery with 9 patients who underwent chronic repair (range 6 weeks to 6 months). The authors did not notice any statistically significant difference between the two groups in regards to flexion strength, flexion endurance, supination strength, or supination endurance.
Tendon Grafting
Reconstruction with tendon grafting is used when there has been rupture of the bicipital aponeurosis and proximal retraction of the biceps muscle, resulting in the need to restore tendon length in order to allow repair to the bicipital tuberosity. Since first described in the English literature in 1977 by Hovelius and Josefsson [35] , multiple techniques for chronic reconstruction utilizing a graft have been described, with no technique appearing superior. Published reports have examined using semitendinosis autograft [30, 32, 50, 72] , flexor carpi radialis autograft [45] , Achilles tendon allograft [17, 31, 59, 66, 73] , tensor fascia lata autograft [7, 35, 38, 64] , lacertus fibrosis [31] , palmaris longus autograft [64, 70] , plantaris longus autograft [70] , and long extensors of the second and third toes [70] ( Table 1) .
The decision to proceed with tendon grafting is often made when the tendon stump is simply not long enough to reach the tuberosity. However, exactly how much the elbow can be flexed to help bring the tuberosity to the tendon is unclear. Wright [73] recommends tendon grafting if it is necessary to flex the elbow more than 30°to 40°for the tendon to reach the tuberosity, otherwise he stated a contracture potentially could develop that would limit extension. However, other authors [12, 17, 39] attempt repair only when more than 70°of flexion is required for the tendon to reach the tuberosity, while Wiley et al. [72] would augment with graft when more than 90°of flexion was required to perform anatomic repair. Once the decision to use tendon graft is made, many authors Fig. 4 Single incision repair of chronic ruptures. Distally, an incision is made parallel to the medial aspect of the mobile wad (closed arrow). If a retrieval incision is required, a longitudinal incision is made over the medial arm in the area of the palpable tendon stump (open arrow). These two incisions may be connected to form a long S-incision, which may prove helpful if further exposure is required for tendon grafting (a). Mobilization of the biceps tendon through a proximal retrieval incision (b) recommend that the elbow should be flexed at approximately 45°when tensioning the graft [17, 31, 32, 38, 61, 66, 73] . Whether the graft is attached to the tuberosity or the muscle first seems to be a matter of surgeon preference. In practice, these intraoperative decisions can be difficult to make, as a graft that is too tight may rupture or cause a contracture, while weakness with supination results when the graft is not tight enough.
The two most common tendon grafting techniques include oversewing an Achilles tendon or weaving a hamstring graft to restore tendon length. When using an Achilles tendon allograft, the proximal portion of the tendon is sewn over the distal portion of the biceps muscle belly, while the distal tendinous portion is used to secure the graft to the bone (Fig. 5 ). As described by Sanchez-Sotelo et al. [66] , a piece of calcaneal bone can be used to obtain bony fixation into a trough created in the radius, or simply excised and the graft simply repaired to the radius. The authors reported on four patients who underwent this technique, all of whom had full range of motion and a Mayo Elbow Performance Score [54] of 100. Patterson et al. [59] described a case report utilizing an Achilles tendon allograft fixed with a cortical button at 4 months after injury. The patient had no pain and was fully satisfied with his elbow function, and strength testing at almost 6 months after surgery showed 85.6 % flexion strength and 91.5 % supination strength when compared to the other side. Darlis and Sotereanos [17] reported on seven patients fixed with an Achilles tendon allograft, although this tendon graft was weaved through the musculotendinous stump as opposed to being oversewn.
Alternatively, autograft hamstring tendon (usually semitendinosis) may be utilized by taking a curved clamp and passing the tendon through the area of the remaining stump, as first described by Hang et al. [32] . Hallam and Bain [30] reported on using a cortical button in nine patients to achieve graft fixation to the radial tuberosity. All patients were satisfied with their outcome, and all were able to return to their prior occupation. More recently, Wiley et al. [72] reported on seven patients treated in this manner utilizing a two incision technique. The authors compared their cohort of patients to seven patients with chronic ruptures treated without surgery and noted that those who had nonoperative treatment lacked about 20 % of strength in both flexion and supination.
If a reconstruction is to be performed by passing a graft through the biceps, it is important to incorporate the entire muscle into the repair. With the distal biceps tendon consisting of two discrete portions (one from fibers of the short head and another from those the long head), the surgeon should be certain to include both portions of the muscle when passing the graft [22] .
Postoperative Regimen
While there is a trend toward early range of motion following repair of acute injuries [14, 33] , there is no agreed upon protocol for rehabilitation following surgery for chronic injuries. Much depends upon the quality of the tendon at the time of surgery and if tendon grafting was required. When treating chronic ruptures, it is not unusual to immobilize the affected extremity for a minimum of 10-14 days, with several authors advocating the use of a brace with an extension block for several weeks after removal from the splint [17, 38, 45, 50, 59, 66, 68, 72] . Others approach these repairs with more caution, [54] immobilizing patients in a plaster splint for 6 weeks [67, 70] . Following this, it is usual to start formal strengthening at 3 months, with delaying return to vigorous lifting at no sooner than 6 months following surgery.
Complications
Complications following repair of chronic ruptures appear to be similar to those described when performing surgery for acute injuries. It has been suggested, however, that complication rates may be increased when surgery is delayed [9, 12, 39] . Kelly et al. [39] noted a 41 % complication rate when using a two incision repair done more than 21 days after injury, while those operated on in under 10 days had a 24 % complication rate. More recently, Cain et al. [12] reported on 198 patients with a 46 % complication rate in patients operated upon greater than 4 weeks out from injury compared to a rate of 30 % in those operated upon acutely. In examining complications using the two incision technique, Bisson et al. [9] reported a 20 % complication rate in those repairs performed under 2 weeks from injury and a 40 % rate in those operated on outside this time period, though the results did not reach statistical significance. Nerve injuries have been reported more frequently with surgery for chronic distal biceps tendon ruptures [9, 12, 19, 39, 64] . Looking at two incision repairs, Kelly et al. [39] reported a six times increased rate of superficial nerve parathesias in repairs performed greater than 10 days out from injury. Cain et al. demonstrated a trend toward increased risk of posterior interosseous nerve and lateral antebrachial cutaneous nerve injuries in chronic repairs, with a statistically significant increase in radial sensory nerve palsies [12] . Increased lateral antebrachial sensory deficits were also noticed by Dillon et al. [19] . They theorized that this increased risk of nerve injury may be due to the dissection needed with chronic repairs, or due to increased tension on the repair that resulted in stretching of the nerve. The authors recommended warning patients of this potential complication when performing direct repair of a chronic rupture. Ryhanen et al. reported on 16 patients with chronic injuries, 3 of which sustained transient nerve injuries (2 lateral antebrachial cutaneous and 1 radial). The authors did not feel that nerve injuries depended upon the exposure utilized [64] .
The development of symptomatic heterotopic ossification does not appear to be dependent upon time to surgery [9, 12, 39] , and it is only rarely reported with recent anterior single incision techniques [1, 20, 71] . Cain et al. [12] noted a 3 % rate of symptomatic heterotopic ossification regardless of when surgery was performed. Vastamaki and Vastamaki [70] reported on two patients fixed with a tendon graft through an anterior approach that developed heterotopic ossification, including one with a substantial loss of motion resulting in a motion arc of 25-120°. In the absence of heterotopic ossification, loss of motion, both with elbow extension [17, 68] and rotation [9] , has been reported as well in patients undergoing surgery in the chronic setting.
Re-rupture following surgery for a distal biceps tendon injury is relatively uncommon, with an incidence between 1 and 2 % [9, 12, 39] . Cain et al. [12] did not notice a difference in rate of re-rupture in those patients operated upon more than 4 weeks after injury compared to those operated upon acutely. None of the 11 patients in their study who required tendon augmentation ruptured the repair. Ryhanen et al. [64] noted Fig. 5 Reconstruction of a chronic rupture using an Achilles allograft. In chronic injuries, there may be insufficient tendon present making primary repair impossible (a). The allograft is prepared by removing the calcaneal bone and a cortical button is sewn into place (b). The trough in the proximal radius is prepared, being careful to protect adjacent neurovascular structures (c). The graft is fixed to the radius initially. The remaining native tendon is grasped by the clamp (d). Final construct with sutures tied through allograft tendon into native biceps muscle and tendon (e) one re-rupture in a patient repaired without tendon grafting 63 days after his injury. This was revised with the use of a tensor fascia lata graft, but due to stretching of the graft required additional surgery to shorten the tendon. This particular case highlights the difficulties that can be encountered when treating these challenging injuries.
Conclusion
Ruptures of the distal biceps tendon may impair a patient's ability to use his or her upper extremity, and it is unclear as to which patients will tolerate nonoperative treatment of this injury. In the past, few options were available to patients that had the potential to improve their strength when patients did not present acutely following an injury. Should surgery be elected, both direct repair of the tendon to the tuberosity and augmenting the repair with a tendon graft are viable surgical options when dealing with this difficult injury. However, complication rates appear to be higher when surgery is performed in the chronic setting, and patients need to be counseled specifically regarding the increased risk of nerve injury.
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